Insects sometimes invade different habitats in new territory compared to their original habitat. In the present study, the seasonal abundance of an exotic leaf beetle, Ophraella communa LeSage (Coleoptera: Chrysomelidae), which invaded Japan from North America in 1996, was investigated from April to October 2003 on two host plants, the common ragweed Ambrosia artemisiifolia L., and the giant ragweed A. trifida L., in Okayama City, Japan. Two peaks of population abundance were found on both plants within the year. Many O. communa were found on A. trifida growing on a hill area (land), whereas no insects were found on A. trifida growing on the bank of a riverbed (river), where the plants occasionally suffered water inundation. More pupae were found on the underside of plant leaves than on the surface of leaves, stems, and flowers; however, the pupation sites of the plants differed in September. No parasitoid or fungus was found in the laboratory and field, but predators were observed in the field in 2003, the fifth year after O. communa invaded Okayama. The results showed that the beetles fed on A. artemisiifolia as well as A. trifida in Japan, which is not reported as a host plant at their origin.
INTRODUCTION
Exotic species may provide opportunities to understand the natural world better. Invading insects sometimes show different habits, for example, host use patterns, in a newly-invaded territory compared to in their original habitat (Crawley et al., 1986) . Thus, comparisons of known benchmark data and observations of the life history of newly-invaded species are invaluable (Sax et al., 2007) .
The ragweed beetle Ophraella communa LeSage (Coleoptera: Chrysomelidae) was originally distributed in North America (Funk and Futuyma, 1995) . It was discovered in Chiba, Japan, in 1996 (Ohno, 1997; Takizawa et al., 1999) , and had expanded rapidly throughout Japan, except for Hokkaido and Okinawa, by 2004 (Moriya and Shiyake, 2001; Shiyake and Moriya, 2005) . This exotic beetle was also found in Taiwan in 1996 (Wang and Chiang, 1998) , in Korea in 2000 (Kwon et al., 2001) , and in China in (LiJie et al., 2005 .
The primary host plants in Japan, the common ragweed Ambrosia artemisiifolia L. and the great ragweed A. trifida L., are non-native to Japan but were found in Japan in the 1880s and 1952, respectively (Makino, 1986) . A. artemisiifolia and A. psilostachya are host plants of the ragweed beetle Ophraella communa in North America, the original distribution area (Futuyma, 1990; Palmer and Goeden, 1991; Funk and Futuyma, 1995) , but there are no reports of the ragweed beetle using A. trifida as a host plant in North America. On the other hand, the ragweed beetle uses A. artemisiifolia and A. trifida in the newly-invaded East Asian areas, including Japan (Takizawa et al., 1999; Yamazaki et al., 2000; Moriya and Shiyake, 2001; Watanabe and Hirai, 2004) and China (LiJie et al., 2005) . This suggests that the beetle might already have had the ability to feed on this plant species when it invaded in Japan and throughout East Asia, or suggests an adaptive change in the host use character of this beetle in recently invaded areas, namely an intriguing adaptation to a newly-invaded territory. Therefore, it is important to study the seasonal abundance and pattern of host use by recent invaders.
Several studies have been made of various aspects of the ragweed beetle's life history, such as its development (Emura, 1999; Moriya, 1999) , photoperiodic response (Watanabe, 2000) , host plant use (Emura, 2000; Yamazaki et al., 2000; Tamura et al., 2004) , spatial interaction with the host plant (Yamanaka et al., 2007) , natural enemies (Moriya et al., 2002) , overwintering sites (Kawakami and Kato, 2002; Watanabe and Hirai, 2004) , dispersal distance (Yamamura et al., 2007) , and flight activity (Tanaka, 2009; Tanaka and Yamanaka, 2009 ); however, the seasonal abundance of this beetle on different host plants and/or populations, which is key basic information on adaptation in a newly invaded area, has not been studied. To date, the seasonal occurrence of O. communa on A. artemisiiforia has been roughly investigated (Yamanaka et al., 2007) , but detailed investigations of seasonal abundance and a comparison of seasonal abundance on different host plants have not been reported. In particular, no seasonal abundance data have been reported on A. trifida, a key host plant in newly-invaded regions.
In the present study, the seasonal abundance of O. communa on A. artemisiifolia and A. trifida and its pupation sites were investigated in Okayama City, Japan, where it was first found in 1998 (Yamaji, 1999) ; therefore, the present study was conducted on a relatively newly-arrived beetle population in the fifth year after the first detection. Information on seasonal abundance, host use and the presence of parasites and predators of an invading insect population will provide prerequisite data from which to examine the expanding features and changes in adaptability of an exotic insect to newly-invaded fields.
MATERIALS AND METHODS
The numbers of male and female adults, larvae (1st, 2nd, and 3rd stages), pupae, and eggs of the ragweed beetle on 10 A. artemisiifolia plants and 20 A. trifida plants, which were randomly sampled from many plants, were counted at intervals of three or four days from 25th April to 31st October 2003 in Kita-ku, Okayama City (A. artemisiifolia: 34°53ЈN, 133°53ЈE, A. trifida: 34°41ЈN, 133°53ЈE). They were not surveyed once per week in a late May week and an early July week during the investigation. One community of A. artimissifolia in a residential area was investigated. We also investigated two separate communities of A. trifida that were located about 50 m apart; one group of 12 plants located on a hill (hereafter, 'land') and the other of 8 plants on the bank of a riverbed (hereafter, 'river'), which occasionally suffered water inundation. The distance between the A. artimisiifolia and A. trifida communities was about 2.3 km.
Pupation sites on five plants with larvae were checked for each plant species, A. artemisiifolia and A. trifida, which were randomly chosen from 284 T. MIYATAKE and T. OHNO the investigating sites (for A. trifida, samples were collected from 'land' plants) each month from June to September. This investigation was performed in the middle of each month. Pupation sites were not checked on plants in October because all A. artemisiifolia plants had died by this time.
Repeated-measures ANOVA was used to analyze the relationships between pupation sites and seasonal trends. The interactions were corrected by Wilks's l. Tukey's HSD tests were used to compare differences in the frequencies of pupation sites each month. The statistical package JMP version 6.0 for Windows was used for all analyses (SAS Institute, 2005) .
The presence of predators and parasitoid species was also checked, mainly during September and October (nϭ2,041 egg masses, nϭca. 30,000 larvae or pupae). We also collected 153 egg masses, 4,179 larvae, and 572 pupae, which were reared with A. trifida leaves in a plastic box (5 cm height, 11 cm width, and 17 cm length) in a chamber maintained at 25 o C and 60% RH until adult emergence to check for the appearance of any parasitoid and fungi species.
RESULTS
The seasonal abundance of eggs, larvae (1st, 2nd, and 3rd stages), pupae, and male and female adults on A. artemisiifolia and A. trifida is shown in Figs. 1 rough peaks were found in July and September (Fig. 1) . The eggs developed into larvae, which emerged during August and October. Almost all the leaves of A. artemisiifolia were consumed by larvae and adults in September; therefore, adults had disappeared from A. artemisiifolia by October.
The leaves of A. trifida were not completely eaten during the investigation period. On A. trifida, three peaks of eggs were found in May, July, and August in the 'land' A. trifida community (Fig. 2) . Two peaks in abundance were found for larvae. In the first larval stage, the first two egg peaks, in May and June, emerged, but eggs laid in the August peak did not appear to emerge. The first two peaks were in the second and third larval stages in early July and September. Two clearly separate peaks of the pupal stage were found in early July and October. Male and female adults were observed between June and October on the 'land' population, but one clear peak was found in October. On the other hand, no eggs, larvae, and pupae were found throughout the study season in the 'river' A. trifida population. Only a few adults, including both males and females, were found in the 'river' A. trifida community, mainly in September and October. Figure 3 shows the seasonal changes of pupation sites of O. communa on A. artemisiifolia (Fig. 3A) and A. trifida (Fig. 3B) . Repeated-measures ANOVA showed significant differences between plant species in pupation sites (underside of leaf, leaf surface, stem, and flower), season (month), and interaction (Table 1) . On A. artemisiifolia, larvae pupated on the undersides of leaves significantly more often than at other sites during June, July, and August. In September, however, they pupated significantly more frequently on the stem than on leaves and flowers, and pupae were still found more frequently on flowers and undersides of leaves than on leaf surfaces in this month (Fig.  3A) . On the other hand, O. communa pupated significantly more often on the undersides of leaves than at the other sites on A. trifida throughout the season (Fig. 3B) .
Although we maintained 153 egg masses in the laboratory, no egg parasitoids emerged. We also reared 4,179 larvae and 572 adults collected from the field and kept with ragweed leaves in the laboratory; however, parasitoids and fungi were not detected during the investigation period. In the field, we observed the predation of eggs (two times) and larvae (six times) by two species of lady beetles, Harmonia axyridis Pallas and Coccinella septempunctata L., during the investigation. Other predation was not observed.
DISCUSSION
The seasonal abundance of Ophraella communa 286 T. MIYATAKE and T. OHNO showed two peaks during the year in Okayama. Seasonal trends in the abundance of the beetles were similar on Ambrosia artemisiifolia and on the 'land' population of A. trifida. On the 'land' population of A. trifida, many eggs, larvae, pupae, and adults were found, whereas no eggs, larvae, and pupae were found on the 'river' population. Although a few adults were found on the 'river' A. trifida population, mainly in September, they may have flown from the 'land' population because of the short distance, ca. 50 m, between the two populations. Three peaks in the number of eggs laid were found, and the eggs laid on A. trifida during September did not emerge. The leaves of A. trifida had withered and died by that time, and therefore we could not find any adaptive meaning from these eggs laid during September. This strange phenomenon might have been caused by the non-adaptation of A. trifida, which the beetles first encountered in Japan, a newly-invaded area.
Pupae were found in significantly larger number on the undersides of leaves than at other plant sites, including the surfaces of leaves, stems and flowers, except in September on A. artemisiifolia. By September, almost all leaves of A. artemisiifolia had been consumed by O. communa, whereas beetles did not completely consume the leaves of A. trifida, which are bigger. This may cause the seasonal difference in trends in pupation sites of O. communa on the two host plants. A difference in leaf area or in feeding stimulant activity between A. artemisiifolia and A. trifida may be related to the beetles' preference for A. artemisiifolia than A. trifida (Yamazaki et al., 2000; Tamura et al., 2004) . Yamazaki et al. (2000) reported more severe feeding damage by O. communa on A. artemisiifolia than A. trifida in September and October, consistent with the present result.
In the present study, predation by two species of lady beetles against O. communa eggs and larvae was observed, but no parasitoids or fungal infections were found in Okayama City. Moriya et al. (2002) reported the predation of eggs and larvae by larvae and adults of the lady beetle Harmonia axyridis (Pallas), and predation by a species of lacewings Chrysopidae larvae and a species of praying mantis Mantidae, the sucking bug Piocoris varius (Uhler), and the spider Agelena opulenta L. Koch during 2000 and 2001 in Tsukuba City. They also found infection by the fungus Beauveria bassina on pupae and adults of O. communa on A. artemisiifolia. In California, a parasitoid fly, Chaetonodexodes vanderwulpi (Townsend) (Diptera: Tachinidae), has been found on pupae of O. communa (Goeden and Ricker, 1985) ; however, no parasitoids or fungi were found during the investigation in the present study at least under the present stored conditions (25°C: RH 60%). Furthermore, no fungi and parasitoids were observed during the field observation. This may have been due to the short period since the invasion of Okayama by this exotic beetle.
More than 10 years have passed since the exotic beetle invaded East Asian countries from North America. Examining the differences between the feeding preferences of the original American population and the populations of O. communa in East Asia for the two plants is quite intriguing as an evolutionary model system from the view of species invasion and adaptation.
